Background
Introduction
Radiation oncology is a field dependent on the availability of the medical devices, including linear 1  2  2  2  3 accelerators, brachytherapy technologies, patient imaging and monitoring devices, quality assurance (QA) tools, and treatment planning software [1] . With the rapid evolution of radiation oncology devices (RODs) and technology, there is a constant desire by both patients and health care providers to have the most up-to-date technology in use at Canada's cancer centers [1] .
The introduction of a medical device to the Canadian market is a complicated process that is regulated by the Medical Devices Regulations of the Food and Drugs Act and overseen by the Therapeutic Products Directorate through the Medical Device Bureau, both contained within Health Canada [2] . Specifically, the Medical Devices Bureau reviews applications for new medical device licenses and contributes to the policy and development of new medical device regulations [3] . Many radiation oncology devices are additionally regulated in accordance with the Class II Nuclear Facilities and Prescribed Equipment Regulations under the Nuclear Safety and Control Act (NSCA) by the Canadian Nuclear Safety Commission (CNSC) [4] .
The United States of America has similar provisions; medical device approvals and regulations are mainly covered by the Federal Food, Drug, and Cosmetic Act (FDCA), while the Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration (FDA) is responsible for regulating medical devices in the US market [5] . RODs, in particular, are governed through the Radiation Control provisions of the Radiation Control for Health and Safety Act of 1968 [6] and the United States Food and Drug Administration's Center for Devices and Radiological Health (CDRH) is responsible for regulating radiation-emitting electronic products [7] .
A recent comparison of oncology drug approval time between Health Canada and the FDA found that on average, the time from submission to Health Canada to approval for oncology drugs is three months longer than the same process at the FDA [8] . Similarly, a comparison of all novel therapeutic agents submitted to Health Canada, the FDA, and the European Medicines Agency (EMA) found that on average the FDA reviewed applications for novel therapeutics 44 to 71 days more quickly than Health Canada or the EMA [9] . The authors also found that among drugs approved in the United States and Canada, 86% were first approved in the United States, and the drugs available a median of 355 days earlier in the United States.
A review of current literature identified no published research similarly comparing approval times for RODs in the USA and Canada. The objective of the project was therefore to compare licensing dates for RODs that are approved for sale in both Canada and the USA.
Materials And Methods
We used only publicly accessible information and data to ensure transparency and reproducibility of our findings. 
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In total, 36 (71%) of the 51 devices were licensed for sale in the USA before Canada ( Figure 1 
2018)
The results for each category are summarized in Table 3 . Of the eight device categories examined, the majority of devices were listed for sale in the USA first in seven categories (88%). The minimum difference in days was found to be 94, while the maximum was 3470 days. The one ROD category where the majority were licensed in Canada first was a superficial radiotherapy device. The single device was licensed in Canada 194 days prior to the USA. Additionally, the devices examined had 24 unique manufacturers. Stratifying these data by the company of manufacture failed to reveal any trend towards favoring licensure in Canada or the United States first; however, it is difficult to draw conclusions from these results as 17/24 (71%) of the examined manufacturers had two devices or fewer included in this dataset. [10] . From a financial standpoint, the medical device market in the United States is much larger than the Canadian market: SelectUSA, a government program led by the U.S. Department of Commerce, estimates that the United States represents the largest medical device market in the world at US$156 billion (40% of the global medical device market) in 2017 [11] , while estimates from the Government of Canada put the Canadian market at US$6.7 billion (6% of the global medical device market) in 2016 [12] . Additionally, we found that 13 out of the 24 companies (54%) included in this study were founded, or had their worldwide headquarters within the USA. This may represent another explanatory variable for our results. No specific trends in licensing date and time were identified by stratifying the devices by category ( 16] . Based on these values, Canadian medical device licensing fees do not appear to be a barrier for bringing RODs to market in Canada.
Unfortunately, without information regarding the initial ROD licensing application date, we are unable to draw any conclusion about whether differences in licensing dates are due to manufacturers applying earlier in one country, or if the delay is in the approvals process itself.
An important issue that we feel should be addressed, is a lack of publicly-available information by Health Canada in the area of medical device licensing. The intended goal of this project was to examine the length of time required for the approval of a medical device in Canada and the United States, from initial submission date to final approval. As previously discussed, this topic has been explored for novel therapeutic agents [9] and specifically for oncology drugs [8] . 
TABLE 4: Summary of Equivalent Outputs of the FDA's 510(k) Premarket Notification Database (left) and Health Canada's Medical Devices Active Licence Listing (MDALL)

FDA, food and drug administration
It is important to discuss the limitations of the research presented here. First, to ensure that comparisons between licensing dates were made as accurately as possible, only RODs with exact matches of the device name, version, and applicant/company of manufacture between Health Canada's and the FDA's database were included. However, adherence to this strict inclusion criteria resulted in the exclusion of a number of devices with subtle differences in search criteria. Second, as discussed above, we chose to base the analysis on publicly-available information, and therefore could not perform the intended analysis examining the length of time for the approval process at Health Canada vs. the FDA of the United States. Finally, this research was limited only to North America because of a lack of publicly-available information for medical devices licensed in Europe. The European Database on Medical Devices, Eudamed (https://ec.europa.eu/growth/sectors/medical-devices/market-surveillance_en), is not publicly accessible and therefore data on European radiation oncology devices was not included [20] .
Conclusions
In summary, we observed that 71% of radiation oncology devices licensed for sale in both Canada and the United States between 2000 and 2018 were licensed in the United States before Canada, a mean of 506 days sooner. Due to a lack of publicly-available information from Health Canada we were unable to rule out the earlier application as a cause for this discrepancy as opposed to differences in duration of approval processes. This highlights the paucity of publicly available data regarding medical device approvals in Canada which is available in the United States.
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